Abstract In previous studies of postmenopausal women, overall intake of fruits and vegetables groups has been inversely associated with estrogen receptor-negative (ER-) breast cancer. In this analysis, we prospectively examined the associations of specific fruits and vegetables with risk of ER-postmenopausal breast cancer among 75,929 women aged 38-63 years at baseline and followed for up to 24 years. Dietary data were collected seven times during this period. Cox proportional hazard models were used, adjusting for potential confounders, including a modified Alternate Mediterranean Diet score. We ascertained 792 incident cases of ER-postmenopausal breast cancer. The multivariate relative risk (RR) for every 2 servings/week consumption for total berries was 0.82 (95 % CI = 0.71-0.96, p = 0.01), and the RR for women who consumed at least one serving of blueberries a week was 0.69 (95 % CI = 0.50-0.95, p = 0.02) compared with non-consumers. Also, the RR for consuming at least 2 servings of peaches/ nectarines per week was 0.59 (95 % CI = 0.37-0.93, p = 0.02). Risk of ER-breast cancer was not associated with intakes of other specific fruits or vegetables. In conclusion, higher intake of berries and peaches was associated with lower risk of ER-breast cancer among postmenopausal women. These results are considered exploratory and need to be confirmed in further studies.
Introduction
The potential for fruits and vegetables in breast cancer prevention has been studied frequently. In a recent pooled analysis, higher intakes of total fruits and vegetables, and vegetables, but not fruits, were associated with a lower risk of estrogen receptor negative (ER-) but not ER? breast cancer [1] . In an earlier analysis among postmenopausal women in the Nurses' Health Study (NHS), we found that the association with fruits and vegetables was also limited to ER-breast cancer [2] and this was confirmed in the Black Women's Health Study [3] . In recent pooled analyses of dietary carotenoids [4] or blood carotenoid measurements [5] , inverse association were also much stronger with or limited to ER-breast cancer. However, specific fruits and vegetables vary greatly in their composition and are not likely to have identical relationships with breast cancer. Although the pooled analysis did examine individual fruits and vegetables and observed inverse association with peaches and strawberries, the number of specific fruits and vegetables was limited to items measured in multiple cohorts. Berries, in particular blueberries, are rich in antioxidants and polyphenols [6] and may influence breast cancer risk, yet were not examined in the pooled analysis. Thus, we prospectively examined associations between specific fruits and vegetables and risk of ERbreast cancer among postmenopausal women in the NHS. Our detailed food frequency questionnaire (FFQ) allowed us to examine 29 different fruits and vegetables, including blueberries.
Subjects and methods

Study population
The NHS is a cohort study of 121,700 female nurses aged 30-55 years living in 11 US states established in 1976. Questionnaires are sent biennially to collect medical, lifestyle, and other health-related information [7] . In 1980, participants completed a 61-item FFQ. This was expanded to 116 items in 1984 and similar FFQs were sent in 1986, 1990, 1994, 1998, 2002, and 2006 .
For this analysis, we used 1984 as baseline as the expanded FFQ provides more detailed information on consumption of fruits and vegetables. We included women who completed the 1984 FFQ with plausible total energy intake (calculated from the FFQ, between 500 and 3,500 kcal/day) [8] . After excluding those with a history of cancer (except non-melanoma skin cancer) at baseline, we included 75,929 postmenopausal women with followup from 1984 through 2008. This study was approved by the Institutional Review Board of the Brigham and Women's Hospital, Boston, MA.
Dietary assessment
Self-administered semi-quantitative FFQs were designed to assess average food intake over the preceding year. A standard portion size and nine possible consumption frequency categories, from ''never, or \1/month'' to ''6? times per day'' were given for each food. Total energy and nutrient intake were calculated by summing the contributions from all foods. Previous validation studies in the NHS revealed reasonably good correlations between energy-adjusted nutrients and foods assessed by the FFQ and multiple food records completed over the preceding year [9] . The corrected correlation coefficients for fruits and vegetables between diet records and FFQ ranged from 0.16 for winter squash to 0.74 for apples. The corrected correlation coefficients for most fruits and vegetables were above 0.40.
Breast cancer ascertainment
Incident breast cancer was ascertained from 1984 to 2008, a followup of up to 24 years. In each biennial questionnaire, participants self-report any diagnosis of breast cancer in the previous 2 years. We then obtained permission to review medical records for confirmation, and we confirmed 99 % of the cases for which records were available. ER and progesterone receptor (PR) status was obtained from pathology reports and each receptor was classified as positive, negative, or uncertain. Deaths were reported by the postal service, family members, or by searching the National Death Index. In this study, as in our previous report, we included only postmenopausal breast cancer cases to reduce potential etiologic heterogeneity.
Measurement of lifestyle and health factors
Body mass index (BMI) was calculated from weight reported on each biennial questionnaire and height reported on the first questionnaire. Smoking, history of hypertension, aspirin use, multivitamin intake, menopausal status and use of postmenopausal hormone therapy, history of benign breast disease, parity, and age at first birth were assessed every 2 years. Family history of breast cancer was assessed six times during followup. Leisure-time physical activity was measured with validated questions on 10 common activities beginning in 1986 [10] . In 1984, we collected hours of vigorous physical activity.
Statistical analysis
We used Cox proportional hazard models to assess the association between intake of specific fruits and vegetables and risk of postmenopausal ER-breast cancer between 1984 and 2008. To reduce random within-person variation and to best represent long-term dietary intake, we calculated cumulative averages of intake from our repeated FFQs [11] . Potatoes were not included as a vegetable in any of our analysis. Because legumes are sources of protein and not generally viewed as vegetables in meal planning, we combined all other vegetables without legumes as low protein vegetables. Groups of fruits and vegetable were classified into quintiles of intake with the first quintile as a reference. For specific fruits and vegetables, we computed the relative risk (RR) for every 2 servings/week increase of intake.
In multivariate analysis, we adjusted for age, energy intake (quintiles), alcohol (4 categories), multivitamin use (yes/no), BMI at age 18 (5 categories), weight change since age 18 (7 categories), family history of breast cancer (yes/ no), history of benign breast disease (yes/no), physical activity in METs (quintiles), and age at menopause and postmenopausal hormone use (11 categories). We also adjusted for a modified Alternative Mediterranean Diet score in which we excluded fruits and vegetables to avoid redundancy with our primary variables [2] . Statistical adjustment was updated for covariates measured more than once during followup.
Results
Women with high intakes of fruits and vegetables were more physically active, and were less likely to be current smokers, but no apparent trend was observed with BMI (Table 1) . These women also consumed less alcohol and saturated fat but more fiber and folate.
During 24 years of followup, we documented 792 cases of ER-postmenopausal breast cancer. Intakes of total vegetables was only marginally associated with lower risk of ER-breast cancer ( Table 2 ). On the other hand, there was no association with total fruits intake. When we explored the associations with individual fruits and vegetables, we noted a RR of 0.82 (95 % CI = 0.71-0.96, p = 0.01) for an increment of 2 servings/week of berries (Fig. 1) . When we separately examined strawberries and blueberries, the two berries item in our FFQ, the RR for every 2 servings/week for strawberries was 0.80 (95 % CI = 0.65-0.99, p = 0.04), and for blueberries was 0.67 (95 % CI = 0.49-0.94, p = 0.02). Intakes of blueberries and strawberries were moderately correlated (Spearman correlation coefficient = 0.47, p \ 0.0001), when both were in the model, the RRs were slightly attenuated and did not reach statistical significance (data not shown). Consumption of peaches and nectarines was also associated with a lower risk for ER-tumors (for every 2 servings/ week consumption RR = 0.82, 95 % CI = 0.70-0.97, p = 0.02). Among vegetables, winter squash was the only vegetable that showed a marginal inverse association (RR for every 2 servings/week = 0.70, 95 % CI = 0.49-1.00) (Fig. 2) .
When we examined categories of intakes for foods that were significant in continuous analyses, we observed the clearest trends with blueberries and peaches (Table 3) . Compared to women who did not consume blueberries, those with greater than 1/week intake, the RR for postmenopausal ER-breast cancer was 0.69 (95 % CI = 0.50-0.95, p = 0.02). For peaches, women who consumed at least 2 servings of peaches at week had an RR of 0.59 (95 % CI = 0.37-0.93, p = 0.02).
Discussion
Because of previous suggestions that intakes of fruits and vegetables may be inversely associated with risk of ERbreast cancer, we conducted an exploratory analysis to identify specific foods that might account for this relationship. We observed inverse associations between intakes of blueberries, strawberries, and peaches/nectarines.
In an earlier meta-analysis, a weak inverse association was seen between intake of fruits and vegetables combined and overall breast cancer risk but this analysis did not differentiate cases by hormone receptor status [12] . In a recent pooled analysis that included hormone receptor status, greater intake of total vegetables, excluding potatoes and beans, was significantly associated with a lower risk of ER-breast cancer [1] . Although not statistically significant, in our analysis, we found a similar RR for the group of foods. In addition, in two recent pooled analyses both dietary [4] and circulating [5] carotenoids were inversely associated primarily with risks of ER-tumors. Collectively, these findings strongly suggest that higher intakes of fruits and vegetables reduce the risk of ER-breast cancer.
In an examination of specific foods within the recent pooled analysis of prospective studies, which included the NHS [1] , intakes of apples/pears, peaches/nectarines/apricots, and strawberries, carrots, and lettuce/salad were associated with lower incidence of ER-breast cancer. Our results for peaches and strawberries agreed with the pooled analysis [1] , and showed similar magnitude of risk reduction. Blueberries were not included in the pooled analysis because few other studies collected data on consumption, and to our knowledge, this is the first human report on blueberries and breast cancer. The greater power of the pooled analysis likely accounted for the statistically significant inverse associations with apples/pears, carrots, and lettuce that were not seen in this analysis. In our previous report, consumption of yellow/orange vegetables was associated with lower risk of ER-tumors [2] . In the Shanghai Breast Cancer Study, which was not included in the Pooling Project, higher intakes of citrus was significantly and rosaceae fruits (e.g., apples and peaches) were associated with a lower risk of ER-/PR-tumors [13] . Both strawberry and blueberry extracts have shown to reduce growth in breast cancer cell lines [14] [15] [16] . In mice, strawberries extract has reduced tumor progression by enhancing apoptosis [17] . In addition, one study showed quercetin and chlorogenic acid extracted from peaches reduced proliferation in estrogen-independent breast cancer cell lines [18] . Fruits and vegetables may also reduce breast cancer risk as sources of antioxidants [19, 20] .
The large number of postmenopausal breast cancer during 24 years of followup allowed us to examine specifically ER-tumors, which have been inversely associated with intake of fruits and vegetables. We have extensive information on potential confounders which we carefully controlled for in our analysis. Although error in assessment of long-term diet was reduced by many repeated measure, some degree of error is unavoidable as diet and lifestyle information was obtained through self-report.
In conclusion, we observed a lower risk for ER-tumors with higher intake of berries and peaches. Our finding of lower risks with higher intake of blueberries needs to be confirmed in other populations. 
